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Abstract
OBJECTIVE: To compare the effects of carbamyl-
β -methylcholine chloride (CMCC) administered by
intra-acupuncture point injection (IAI), intramuscu-
lar injection (IMI), and intravenous injection (IVI),
and to analyze the mechanisms.
METHODS: In the IAI group, CMCC was injected in-
to the Zusanli acupoint (ST 36) immediately after
30-min stimulation by electro-acupuncture (EA) at
the acupoints, and into the femoral vein and skele-
tal muscle in IVI and IMI groups, respectively. Intra-
gastric pressure was detected. The plasma concen-
tration of CMCC was measured at various times.
RESULTS: The gastric effect of CMCC in the IVI
group was enhanced and attenuated more rapidly
than in the other groups. In the IAI group, this ef-
fect was significantly stronger than that in the IMI
group at 2 min and 15 min, but not significantly dif-
ferent between the two groups at 5 min and 30
min. Plasma concentration of CMCC in the IAI
group was similar to that in the IVI group at 2 min,
but higher than that in the IMI group. The concen-
tration in the IAI group was higher than that in the
IV group and similar to that in the IMI group at 5, 15
and 30 min, indicating rapid increase and slower re-
duction of the plasma concentration of the drug in
the IAI group. There was a positive correlation be-
tween the plasma concentration of CMCC and intra-
gastric pressure in all groups.
CONCLUSION: The effect of IAI with CMCC was
stronger than that of IMI and longer-lasting than
that of IVI, which correlated with the blood concen-
tration of CMCC.
© 2012 JTCM. All rights reserved.
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INTRODUCTION
It is well-known that a chemical drug given by intrave-
nous injection (IVI) can reach its highest plasma con-
centration and maximal effects much faster than that
given by intramuscular injection (IMI). Moreover, the
Comparison of the effects of carbamyl-β-methylcholine chloride ad-
ministered by intravenous, intramuscular and intra-acupuncture
point injections
WANG Yu-min王玉敏, GAO Jun-hong高俊虹, LU Bo逯波, PENG Juan彭娟, FAN Bin范斌, CUI Jing-jing崔晶
晶, WANG Hong-xin王洪新, MA Yan-yan马琰岩, YU Xiao-chun喻晓春
aa
93
JTCM |www. journaltcm. com March 15, 2012 | volume 32 | Issue 1 |
WangYM et al. Comparison of effects of IV, IM and acupuncture point injections
effect of a drug given by IVI is also relatively stronger
but lasts a much shorter time than that given by IMI.
However, the effects of a drug given by IMI can be
maintained for much longer time than that given by
IVI. Therefore, IVI or IMI has advantages and disad-
vantages. In China, intra-acupuncture point injection
(IAI) of chemical drugs has been used very widely to
treat various diseases for several decades. Even though
it can be very difficult for some scientists in biomedical
fields to understand, IAI as a way to administer medi-
cal agents could be more effective than IVI and IMI.
Several comparative studies have been published in
Chinese journals [1-3] and one in an international jour-
nal [4] showing that the effect of a drug given by IAI is
stronger than that given by IMI or intradermal injec-
tion (IDI), but is similar to that given by IVI [2, 4]. IAI
actually includes two interventions: acupuncture stimu-
lation and IAI of chemical drugs. This is because, in
clinical manipulation of the IAI, the acupoint is usual-
ly stimulated by acupuncture and a needle sensation
should be induced before the drug is injected. There-
fore, IAI is a joint therapeutic method of acupuncture
and chemical agent [5]. It was also shown in one study
published in a Chinese journal that the effects of IAI of
a drug were better than that of acupuncture or chemi-
cal drug alone, suggesting that an additive or synergis-
tic effect is produced by a combination of acupuncture
with drug injection [6]. That is, the effects of the drugs
were potentiated by acupuncture stimulation [7-10]. This
also suggests that a combination of acupuncture with a
chemical drug may reduce the required curative dosage
and potentially attenuate its side-effects.
The aim of present study was initially to investigate
whether or not IAI of carbamyl- β -methylcholine chlo-
ride (CMCC) produces better effects than IMI or IVI
alone. Second, we explored, in a preliminary fashion,
the role of the plasma concentration of CMCC in the
mediation of the effect produced by IAI of CMCC.
METHODS
Medicines and Reagents
CMCC, acetonitrile, methyl alcohol, triethylamine for-
mic acid and ammonium formate were purchased from
Sigma–Aldrich Co. (St. Louis, MO, USA). Acetylcho-
line-d9 bromide (purity >99%) was purchased from C/
D/N Isotopes Inc. (Pointe-Claire, Quebec, Canada).
Ethical approval of the study protocol
The study protocol was approved by the Committee
on the Use of Live Animals in Research of the China
Academy of Chinese Medical Sciences (SCXK
2008-0001).
Instruments
Intragastric pressure was monitored by a transducer
(TP-400T; Nihon Kohden Corporation (Tokyo, Ja-
pan) connected to a polygraph amplifier (RM-6000;
Nihon Kohden) which led to a data acquisition system
(Power-Lab/8 s; ADInstruments Ltd (Bella Vista,
NSW, Australia) for further analyses. CMCC concen-
tration in plasma was measured using liquid chroma-
tography-tandem mass spectrometry (LC-MS) (Agilent
6410 QQQ LC-MS).
Modeling and grouping of animals
Ninety-six male Sprague–Dawley rats (300–350 g)
were used in the study. Rats were randomly divided in-
to three groups: intravenous injection (IVI); intramus-
cular injection (IMI); and intra-acupuncture point in-
jection (IAI). Rats were fasted overnight with free ac-
cess to water before the experiment. Animals were anes-
thetized with an intraperitoneal injection of urethane
(1.0 g/kg). After 10 min (recorded as control), a bilater-
al electro-acupuncture (EA) stimulation at the Zusanli
acupoint (ST 36) was applied for 30 min with an inten-
sity of 3 mA and frequency of 5/15 Hz in the IAI
group. Zusanli (ST 36) was located in the hindlimb ac-
cording to the Textbook of Experimental Acupuncture
in Animals and the meridian theory of traditional Chi-
nese medicine [11]. When EA stimulation was complet-
ed, CMCC (100 µg/kg [12]), dissolved in normal
(0.9%) saline, was immediately administrated unilater-
ally into the two Zusanli (ST 36) acupoints. Saline-dis-
solved CMCC was injected into the right femoral vein
and the buttock muscles in IVI and IMI groups.
Measurement of intragastric pressure
After the induction of anesthesia, the abdomen was
opened along the midline. A small balloon was insert-
ed into the pyloric area through a longitudinal incision
of 2–3 cm on the pylorus and fixed. The balloon was
filled with ≈0.2–0.5 mL of warm water, which gave a
pressure of ≈80– 150 mmH2O. The pressure in the
balloon was monitored by a transducer (TP-400T; Ni-
hon Kohden) connected to a polygraph amplifier
(RM-6000; Nihon Kohden) which led to a data acqui-
sition system (Power-Lab/8 s; ADInstruments) for fur-
ther analyses. Intragastric pressure was recorded
throughout the experiment from 10 min before EA to
30 min after EA or different injections of CMCC (in-
cluding IAI, IMI and IVI).
Measurement of the plasma concentration of CMCC
Plasma was quickly removed from the abdominal aorta
of the rats in the three groups 2, 5, 15 and 30 min af-
ter CMCC administration. Plasma specimens were
stored at 4°C for 30 min, followed by centrifugation at
3500 rpm for 10 min. Plasma was aspirated with a pi-
pette and stored at–80°C.
CMCC concentration in plasma was measured using
LC-MS. Briefly, samples containing 200 μL of plasma
were thawed. An aliquot of 10 μL of internal standard
(acetylcholine-d9 bromide, working solution concen-
tration, 0.1 mM) was added. The solution was vor-
tex-mixed for 30 s, followed by addition of 800 μL of
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acetonitrile, and vortex-mixed again for 20 s. After cen-
trifugation at 10,000 rpm for 10 min at 4°C, the super-
natant was filtered by a 0.22-μm filter. A 10-μL ali-
quot of the supernatant was injected onto a high-per-
formance liquid chromatography (HPLC) system.
The chromatography was carried out using an Atlantis®
HILIC silica column (2.1×150 mm; 3 μm). The mo-
bile phase was composed of A: 25 mM ammonium for-
mate (pH=3); B: acetonitrile (0.1% formic acid); gradi-
ent elution 0→5 min; B%: 85 %→60% at a flow rate
of 0.4 mL/min; column temperature: 36°C, volume of
sample injection: 10 μL. Detection was by MRM
mode via an electrospray ionization (ESI) source oper-
ating in positive ESI mode with s drying gas tempera-
ture of 320°C, drying gas flow at 8 L/min, nebulizer
pressure of 35 psi, and capillary voltage of 1,000 V.
CMCC concentration was monitored at m/z 161.0®
101.9 with optimal voltage for fragmentation at 110 V
and optimal capillary electrophoresis at 10 V. The con-
centration of acetylcholine-d9 bromide was monitored
at m/z 155®87 with optimal voltage fragmentation at
90 V and optimal capillary electrophoresis at 12 V.
Statistical analyses
Data are mean ± SE. One-way ANOVA was adopted
for multiple comparisons and Dunnett's T-test for fur-
ther comparison between two groups. P<0.05 was con-
sidered significant.
RESULTS
Facilitation of acupuncture on the gastric effect of
CMCC
The intragastric pressure 2 min after IVI of CMCC in
the IVI group was 16.19±3.75 cm H2O, which is sig-
nificantly higher than those in the IMI (1.46±1.12 cm
H2O) and IAI groups (4.09±1.91 cm H2O) (Figure 1).
The pharmacological effects of CMCC in the IAI
group at the same time were weaker than those in the
IVI group, but were significantly stronger than those in
the IMI group (P<0.05). Five minutes after different
injections, the intragastric pressure in the IVI, IMI,
and IAI groups was 6.80±1.70, 7.17±2.14, and 8.15±
3.34 cm H2O, respectively, and this difference among
the three groups was not significant. Interestingly, 15
min after intravenous injection of CMCC, the intragas-
tric pressure in the IAI group was 6.97±2.70 cm H2O,
showing significant enhancement. In the IVI group
and IMI group, the values at the same time point were
2.17±0.55 cm H2O and 3.85±2.08 cm H2O, respective-
ly. After the administration of CMCC for 30 min, the
effect of the drug in the IAI group was only slightly
weaker than that in the IMI group, but much stronger
than that in the IVI group. The results indicated that
the initiation of the effect in the IAI group was similar
to that in the IVI group but was elicited earlier than
that in the IMI group. In mean terms, the pharmaco-
logical effect of CMCC in the IAI group was stronger
than that in the IMI group, and the gastric effect of
CMCC in the IAI group lasted longer than that in the
IVI group.
Alteration in the plasma concentration of CMCC
After administration of CMCC for 2 min, the plasma
concentration of CMCC in the IAI group was 432.89±
115.82 ng/mL, which was similar to that in the IVI
group (456.53±130.95 ng/mL), but much higher than
that in the IMI group (248.25±72.50 ng/mL) (Fig. 2).
The plasma concentration of CMCC in the IAI group
5, 15 and 30 min after drug administration was
322.61±100.95, 146.07±46.86 and 137.94±60.71 ng/
mL, which were all significantly higher than the corre-
sponding values in the IVI group (285.42 ± 92.75,
112.68±51.80 and 66.42±38.36 ng/mL, respectively).
Five, 15 and 30 min after injection, the plasma concen-
tration of CMCC was 367.07±92.99, 245.06 ±67.69
and 130.74 ± 67.88 ng/mL, respectively, in the IMI
group. These values were not significantly different
from the corresponding values in the IAI group except
that at 15 min. These findings indicated slower attenu-
ation of the plasma concentration of the drug in the
IAI and IMI groups as time passed.
Correlation between plasma concentration and
intragastric pressure
Figure 3 shows the correlation between changes in the
plasma concentration of CMCC and alternations in in-
tragastric pressure in the three groups. The values of
the correlation coefficient (r) in the IVI, IMI, and IAI
groups were 0.764832, 0.672469, and 0.501347, re-
spectively. These findings showed a positive correlation
between the plasma concentration of CMCC and intra-
gastric pressure in the three methods of administration
of CMCC.
SUMMARY
IAI of drugs has been employed in clinics for several de-
cades in China [13,14] and Western countries [15,16]. Howev-
er, many scientists (especially those adhering to the
principles of Western medicine) doubt whether IAI
works better than routine IDI, IMI or even IVI in elic-
iting curative effects with the same drugs. In the pres-
ent study, we initially investigated if IAI of CMCC is
better than routine IVI and IMI with the same drug in
enhancing intragastric pressure. Second, we explored if
the superior effect of IAI is accompanied with greater
alteration of CMCC concentration in plasma to deter-
mine if the alteration of plasma CMCC concentration
has a role in mediating the effect of IAI.
The results showed that the pharmacological effect of
IVI with CMCC was much stronger than that pro-
duced by IMI or IAI 2 min after injection. However,
the effect of CMCC given by IVI declined more rapid-
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ly than that produced by the other two methods of in-
jection, suggesting that the time window of action of
CMCC given by IVI is narrower than that of IMI and
IAI. Interestingly, at 2 min and 15 min after injection,
the gastric effect of CMCC given by IAI was stronger
than that of IMI. The effect of IAI with CMCC was
not significantly different from that of IMI 5 min and
30 min after injection. In accordance with that report-
ed in other clinical studies [2, 4], the present study sug-
gests that with the same drug, IAI produces a faster on-
set of action, a comparatively stronger, and a long-last-
ing effect as compared with that produced by IMI.
Therefore, as a way to administer drugs, IAI possesses
the advantages of IVI and IMI, producing a faster on-
set of action, and stronger and longer-lasting effects.
It is well known that the pharmacological effects of a
drug are closely related to its plasma concentration. In
the present study, we measured the plasma concentra-
tion of CMCC at different times and analyzed the cor-
relation between the gastric effects of CMCC and plas-
ma concentration of CMCC in different groups. We
wanted to ascertain if the plasma concentration of
CMCC was one of the factors mediating the potentiat-
ing effect of IAI with CMCC. The plasma concentra-
tion of CMCC in the IVI group reached a maximum
more rapidly and decreased more quickly than that in
IMI and IAI groups. In the IAI group, the plasma con-
centration of CMCC also increased rapidly at a rate
that was only slightly slower than that in the IVI group
but which was significantly faster than that in the IMI
group. In the IMI group, the plasma CMCC concen-
tration decreased much slower than in the IVI group.
In the IAI group, CMCC was injected into Zusanli
(ST 36), which was stimulated previously by EA stimu-
lation for 30 min. It is well-known that EA stimula-
tion, as a somatic stimulation, can comprehensively in-
duce an inflammation-like response manifesting as mi-
crovessel dilation and plasma extravasation around the
stimulated area [17]. This type of inflammation-like re-
sponse will possibly result in faster absorption of the
drug into the circulation. In addition, a positive corre-
lation between the plasma concentration of CMCC
and its effect on intragastric pressure was observed in
each of the three groups. Matching of the enhance-
ment of gastric pressure and increment in the plasma
concentration of CMCC also suggests that the in-
creased plasma concentration of CMCC may be one of
the factors mediating the action of IAI with CMCC.
With respect to IAI, acupoints are commonly stimulat-
ed by different needle manipulations before the drug is
injected into the acupoints [18]. Hence, there are two de-
terminants for the therapeutic effects produced by IAI:
acupuncture stimulation and the chemical agent inject-
ed. It has been shown that EA at Zusanli (ST 36) can
markedly increase gastric motor activity [19, 20] and blood
perfusion of the stomach [21]. The present study also
showed that intragastric pressure was enhanced by EA
before CMCC was administered in the IAI group.
Therefore, the stronger pharmacological effect of IAI
with CMCC may have been contributed by EA stimu-
lation and IAI of the drug. In this case, EA may en-
hance the sensitivity or responsiveness of gastric musca-
rinic receptors to CMCC and consequently potentiate
the effect of CMCC on intragastric pressure. The pres-
ent study also supports the notion that Zusanli (ST
36) may have an up-regulation effect on the gastroin-
testinal tract [22]. The responsiveness of a receptor is
known to be influenced by many factors, especially its
signal transduction pathway [23]. Several studies have
shown that acupuncture stimulation can produce thera-
peutic effects via the corresponding signaling compo-
nents of the receptor from the receptor level [24] to vari-
ous post-receptor levels [25, 26]. Thus, EA may also influ-
ence the density or affinity of the M receptor, or affect
the post-receptor signaling components to increase the
sensitivity or responsiveness of gastric smooth muscle
cells to CMCC, and eventually facilitate the effect of
CMCC on intragastric pressure.
In conclusion, IAI of CMCC produced a faster onset
of action and a comparatively stronger effect on intra-
gastric pressure as compared with IMI of CMCC.
Moreover, the time window of action of CMCC given
by IAI was significantly wider than that given by IVI.
The change in plasma CMCC concentration seemed
to be related to the faster onset of action, and the
long-lasting and comparatively stronger effect in the
IAI group.
Figure 1 Effects of CMCC given by different methods of injec-
tion on intragastric pressure in rats. Panel A: Representative
tracings of intragastric pressure recorded in rats of different
groups. Panel B: Statistical results showing the increment in
intragastric pressure recorded 2, 5, 15 and 30 min after dif-
ferent injections of CMCC in rats of different groups. IVI, in-
travenous injection group; IMI, intramuscular injection
group; IAI, intra-acupuncture point injection group. aP<0.05,
bP<0.01 vs IVI group; cP<0.05, dP<0.01 vs IMI group. (n=8)
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Figure 2 Plasma concentration of CMCC in rats administered
CMCC by different methods of injection. Changes in the
plasma concentration of CMCC in rats of different groups
are shown. aP<0.05, bP<0.01 vs IVI group; cP<0.05, dP<0.01
vs IMI group. (n=8)
Figure 3 Correlation between changes in plasma concentra-
tion of CMCC and intragastric pressure in rats of different
groups. The scatterplots show the correlation coefficients
between the plasma concentration of CMCC and intragas-
tric pressure in rats of different groups.
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